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Experimental characterization of a canonical coaxial gas-liquid atomizer N Machicoane, and A. Aliseda∗ Department of Mechanical Engineering University of Washington Seattle, WA 98195-2600 USA Abstract Break-up of a liquid jet by a high speed coaxial gas jet is a frequently-used configuration to generate a high quality spray. Despite its extended use in engineering and natural processes, the instabilities that control the liquid droplet size and their spatio-temporal distribution in the spray are not completely understood. Fundamental understanding of the mechanisms that dominate ligament formation and break-up in the liquid, as well as those that determine the differential transport of droplets in the spray can provide quantitative design and analysis tools for spray engineering. Additionally, detailed understanding is necessary to achieve spray control, in which the break up can be actuated to provide certain preferred droplet size distribution, and the dispersion of droplets from the spray axis can be influenced with acoustic or electric forces to achieve a desired spatial distribution. We present an experimental study of a canonical coaxial gas-liquid atomizer. The liquid injection rate is fixed at a speed of 0.5 m/s (Reynolds number Rel = 1000), while the coaxial gas jet Reynolds number is varied over a wide range 8 × 103 < Reg < 2 × 106 . The resulting droplet sizes distribution is measured using PDPA in the mid-field region, after the break-up of all fluids ligaments is completed and droplets are spherically-shaped. Data on droplet distribution inside the spray is compared with high-resolution particle-laden DNS from our collaborators at U. Florida. The break-up process and the spray development are also characterized in the close-field region using high-speed imaging. These data sets are complemented with X-ray measurements and liquid-gas interface dynamics capturing numerical simulations of the spray shape and void fraction, presented by our collaborators at Iowa State University and Cornell University. This work is part of a large-scale project funded by an ONR MURI to provide feedback control of sprays.
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Atomizer Design Characterization A two fluid coaxial atomizer has been designed to study atomization physics in a canonical setting. The design focuses on obtaining well-characterized and reproducible laminar liquid and turbulent gas streams. The liquid is introduced via a straight circular duct 100 mm in length and 2 mm in diameter. Fully developed Poiseuille flow is thus the exit condition of the liquid into the atomization process. The gas is injected perpendicular to the axis of the injector through eight inlets (four 1/2” inlets for the no-swirl gas feed, and four 3/8” inlets for the swirl gas feed). It then develops along a 90 mm nozzle whose inner (the outer wall of the liquid duct) and outer surfaces are shaped with cubic splines revolved around the axis of the injector [1]. The drawing of the atomizer is shown in figure 1 and the detailed CAD design will be made available on an open-source repository for the community.



based on the gas exit velocity and liquid jet diameter is 10 − 104 [2]. Gas flow fields both at the nozzle exit and at different distances downstream throughout the jet development process, as well as droplet size and velocity distributions will be made available for the community for comparison of different experimental techniques applied to spray characterization and for validation of different computational tools for simulation of the liquid jet destabilization and break processes, as well as the droplet transport process within the spray. Shadowgraphy high speed movies, of which extracted images are shown in figure 3, allow for a qualitative mapping of the different instabilities and atomization modes[3]. At low gas Reynolds, Reg ≈ 104 , and Momentum Ratio values, M = ρg Ug2 /ρl Ul2 ≈ 6, a sinusoidal instability exposes the liquid jet to the high speed gas and results in multibag break up. At intermediate gas Reynolds numbers (Reg ≈ 5 104 , M ≈ 30), the liquid jet accelerates, narrowing sharply within the potential cone of the gas, and suffers from a symmetric varicose instability that exposes the liquid to the high speed gas, with further instability, formation of ligaments and break up[4]. For the highest gas Reynolds numbers (Reg > 105 , M > 102 ), the liquid-gas interface is subject to the classical Kelvin-Helmhotz instability (clearly visible in the intact liquid jet at Reg = 97000 in the lower, left panel of figure 3) the ligaments formed by this instability quickly accelerate and break into individual droplets[5]. Quantitative Analysis from High-Speed Flow Visualizations In an effort to characterize the integral features of the spray, and to compare against our MURI Spray Control collaborators radiographic measurements [6] and computational simulations [7], we perform quantitative analysis on the whole image sequences (10000 images collected at 11000 fps). The intensity of light transmitted throughout the spray in the back-illuminated high speed movies is qualitatively representative of the volume fraction of liquid in the spray (taking into account that dispersion is a strong function of droplet size)[8]. The statistical description of the resulting synthetic long-exposure images is shown, as contours of average and standard deviation of light intensity, in figures 4 and 5. In these images, there is a clear inflection point between the initial (slow) development of the spray, and the (faster) spreading as the liquid interacts with the bulk of the turbulent gas stream. At higher gas Reynolds numbers, the acceleration of the liquid by the gas stream produces an actual narrowing of



Figure 1. Atomizer Blueprints Atomization Visualizations This paper focuses on flow visualization that map the different modes of atomization accessible for study in this coaxial two-fluid atomizer. Specifically, the no-swirl characterization, in a range of Gas Reynolds numbers from 104 − 2 105 has been explored, keeping the liquid Reynolds number constant at 103 to maintain laminar conditions inside the liquid injection duct prior to the nozzle. The Weber number (W e = ρg Ug2 dl /σ) range explored, 2



As expected the intact length decreases with increasing gas Reynolds number in the atomizer. This trend is approximately linear between Reg = 104 − 105 , M = 6 − 200 and starts to saturate as the gas Reynolds number increases above 105 or the momentum ratio increases beyond 200. Given the uncertainty on the intact length measured for the highest gas Reynolds, caused by the difficulty in differentiating between the lack of light transmission of the intact liquid jet and that of the dense small droplets after break up moving at speeds high enough to blur the image even at the lowest exposure times allowable (texp = 285 10−9 s), comparison with the X-ray radiographic images presented in [6] for all Reynolds numbers studied, at consistent thresholds, provides additional assurance of the robustness of this measurements. The initial liquid spreading angle also decreases with increasing gas Reynolds numbers. While it is clear that the spreading angle changes in the mid field, as the gas jet develops into a self-similar state, the acceleration of the liquid with increasing gas exit velocity produces a focusing of the spray at a distance downstream x ≈ 10 Dl that, associated with an inflection point in the spreading, strongly influences the transition from the near to the mid field.



the spray at that critical downstream distance, prior to the faster spray spread characteristic of the midfield, self-similar jet development. From the quantitative information in the synthetic long-exposure images shown in figures 4 and 5, evaluated for all Reynolds numbers studied, we determine (within a certain thresholding criteria) the intact length and the spreading angle of the spray. The intact length was defined as the point of the minimum in the mean intensity’s second derivative along the longitudinal direction. The spreading angle was defined based on the maximum of the light standard deviation along the radial direction (across the spray). Intensities were in the range [0 2500] for the average and [0 1000] for the standard deviation.
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Figure 3. Intact Length (a) and Spreading Angle (b) for the near-field spray development at a range of turbulent gas Reynolds numbers (Reg = 104 −2 105 ) and constant liquid Reynolds number (Rel = 103 ), such that the mass ratio, m = ρl Ul /ρg Ug , is small and the momentum ratio, M , is large.
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Figure 2. Instantaneous images extracted from high-speed flow visualizations of light scattered by the liquid jet and spray, over a wide range of Gas Reynolds numbers
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Figure 4. Average light intensity transmitted through the spray. Data used for quantitative analysis of the near-field, including the intact length and spreading angle.



6



5 (b) Reg = 97 000



z/dl



z/dl



5 (a) Reg = 36 000



0



-5



-5



5 000 5 0 (c) Reg = 142



10



15 5 0 (d) Re = 200 5 000 g



10



15



10



15



x/dl



z/dl



x/dl



z/dl



0



0



-5



0



-5 0



5



10



15 0



x/dl



5



x/dl



Figure 5. Standard Deviation of light intensity transmitted through the spray. Data used for quantitative analysis of the near-field, including the intact length and spreading angle.



7



























des documents recommandant







[image: alt]





Experimental characterization of a canonical coaxial gas-liquid 

Data on droplet distribution inside the spray is compared with high-resolution particle-laden DNS from our ... the liquid injection duct prior to the nozzle. The.










 


[image: alt]





Experimental Characterization of a Micro-CHP ... - StÃ©phane THIERS 

Engine, fueled by Wood Pellets. Bernard ... Keywords: Micro-cogeneration, Wood pellets, Stirling engine. Abstract ..... software, COMFIE, developed at the CEP.










 


[image: alt]





Experimental Elastic Deformation Characterization of a Flapping-Wing 

the agility and versatility requirements. â€¢ Natural fliers (bats, birds, insects) use flapping ... Flapping angle, â†’ Ry. â€¢ Sweep angle, â†’ Rz'. â€¢ Feather angle, â†’ Rxâ€�.










 


[image: alt]





Experimental characterization of buoyancy- and ... - Hugues Bodiguel 

Apr 11, 2008 - the vertical temperature gradient results from the evapora- ..... is obtained by derivation of weight measurements. The dish diameter is between 7 Ð’ 10Ð�2 m and 0.12 m, with most of the experiments being performed in a 0.11 m diameter










 


[image: alt]





Characterization of a Sinorhizobium meliloti ATP-Binding 

and imidazole were added at a final concentration of 20 or 200 Î¼M into a 2 Î¼M. [14C]histidine solution (100,000 dpm). Competition uptakes were run on a 5-min.










 


[image: alt]





Colorimetric characterization of a desktop drum 

Solitaire 8XP digital film recorder followed by processing in the usual manner. The target was a digital 6 X6X 6(RGB) factorial design sampling each material's ...










 


[image: alt]





Experimental demonstration of a behavioural modification - Canadian 

change in the vertical distribution of infected fish only. ... behavioural differences, i.e., roach surfacing, swimming, and response to stimulus, probably favour.










 


[image: alt]





Canonical Abstract Syntax Trees 

GOM is a language for describing multi-sorted term algebras designed to ...... Multiple Target Languages, in: G. Hedin, editor, 12th Conference on Compiler.










 


[image: alt]





EXPERIMENTAL HALL A BEAMLINE 

Jan 22, 2007 - Lambertson vertical corrector beam position monitor beamline vacuum valve vertical corrector beam position monitor quad horizontal corrector.










 


[image: alt]





A new technique of characterization of the intrapixel ... - Mugnier 

reported in the infrared Array Camera (IRAC) on the Spitzer Space Telescope. The IRAC had been used to measure temporal variations (










 


[image: alt]





Canonical and semicanonical bases 

Page 1. Canonical and semicanonical bases. (JournÃ©es Jacques Alev, Reims). Bernard Leclerc. 28 novembre 2008. Page 2 ..... Page 79 ...










 


[image: alt]





Coaxial Cable 

16. EUPEN CABLE INC. 800-419-5100 www.eupen.us ... a) Single bending, in (cm). 2.8 (7) b) 15 repeated bends, in (cm). 4.7 (12). â€¢ Maximum pulling strength ...










 


[image: alt]





A new technique of characterization of intrapixel response ... - Mugnier 

Dec 23, 2014 - images and precise photometry. In the InfraRed Array Camera (Spitzer. Telescope) for example, the sub-pixel variations is the major source of.










 


[image: alt]





Experimental Evolution of a Dense Cluster of Residues in Tyrosyl 

pyrophosphate exchange reaction whereas T51P increased it. The kinetic .... mode of evolution since it is generally assumed that evolution occurs .... escence intensity Y of the soluble protein fraction. The curves were ...... taneously in a water ba










 


[image: alt]





Experimental Evolution of a Dense Cluster of Residues in Tyrosyl 

mined from experiments of irreversible thermal precipitation. They were in the order ..... part of the time points were represented and the curves for the multiple mutations .... We Â®tted equation (16), which links the glo- bal intensity of protein 










 


[image: alt]





Microbial Characterization of Free Floating 

11 mai 2007 - vided data on the common biota aboard Mir, a unique opportunity arose first during the NASA 6 mission when a large free-floating mass of water was discovered behind ... Mir were collected and returned to earth for analysis.










 


[image: alt]





characterization of heterogeneous glial cell 

Nov 12, 2007 - Community Council Directive of 24 November 1986 on the pro- tection of .... bridoma Bank, USA), rabbit anti-S100 (1/300, Dako), mouse anti-.










 


[image: alt]





Semi-algebraic canonical decomposition of multi-way ... - Xavier Luciani 

A semi-algebraic algorithm based on Joint EigenValue De- ... tive algorithm fails [7]. An other ..... [4] J. B. Kruskal, â€œThree-Way Arrays: Rank and Uniqueness of.










 


[image: alt]





A Performance Characterization Algorithm for 

for Symbol Localization. Mathieu Delalandre1,2, Jean-Yves Ramel1, Ernest Valveny2, and ... and â€œopenâ€� solution to characterize the performance. To achieve that, it ... Table 1. Matching cases between groundtruth and localization results. The key 










 


[image: alt]





Chemical Characterization of Fossil Resins 

term for all fossil resins, or as a general term for all fossil resins coming .... gin of a find and on the other side the determination of the ...... emend.) Ein Beitrag.










 


[image: alt]





Microbial Characterization of Free Floating 

11 mai 2007 - a large free-floating mass of water was discovered behind a service panel ... life support system, drinking water, oxygen provisions, and shower ...










 


[image: alt]





CHARACTERIZATION OF EM SEA CLUTTER 

to find a mode such as the probability density function is symmetric. These properties can ... are respectively the total electric and magnetic fields at the surface. .... groups of numerical data: the smallest observation, the first quartile, the me










 


[image: alt]





A new characterization of Sobolev spaces - Semantic Scholar 

2006 Académie des sciences. Published by Elsevier ..... Théorie et applications, Mathématiques appliquées pour la maîtrise, Dunod, 2002. [3] J. Bourgain, H.










 


[image: alt]





A Framework for the Combination and Characterization of Output 

sign methods and tools do not address appropriately. This problem is ... user interface only. Indeed, it allows the user to send mail that may contain graphics,.










 














×
Report Experimental characterization of a canonical coaxial gas-liquid





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



